Background. A "seek-test-treat" intervention (ARISTOTLE) was implemented in response to an outbreak of human immunodeficiency virus (HIV) infection among persons who inject drugs (PWID) in Athens. We assess trends in HIV incidence, prevalence, risk behaviors and access to prevention/treatment.
prevalence, (3) risk behaviors, (4) access to OST and NSPs, and (5) linkage to HIV care and ART, during an evolving outbreak.
METHODS

Design of the Program
The ARISTOTLE intervention program is described in detail elsewhere [10] . In short, respondents were eligible to participate if they presented a valid RDS coupon, had injected drugs without a prescription in the past 12 months, were ≥18 years of age, and resided in the Athens metropolitan area. Participation included (1) computer-assisted personal interviewing (Supplementary Materials); (2) blood sample collection; (3) receipt of 3 coupons to recruit other PWID, a pack of 20 syringes with injection paraphernalia, condoms, and leaflets with prevention information, and monetary incentives for participating; and, a few days later, (4) collection of HIV test result, counseling, and linkage to the Greek Organisation Against Drugs and/or to Infectious Diseases Units for OST, HIV care, and ART. ARISTOTLE was implemented in 5 consecutive RDS rounds with a short break in-between rounds. PWID could participate in multiple rounds but only once in each round. Dedicated staff supported linkage to HIV care, ART, and OST programs.
Ethical Issues
The survey protocol and informed consent form were approved by the Institutional Review Board of Athens University Medical School. Eligible persons were asked to provide written informed consent. The informed consent form included information about the program and explained that confidentiality would be protected and that participants were free to withdraw their consent at any point in the process.
Laboratory Testing
HIV tests were performed with a microparticle enzyme immunoassay anti-HIV-1/2 (AxSYM HIV-1/2 gO; Abbott) and HIV-1/HIV-2 confirmation by Western Blot (MP Diagnostics). In the case of indeterminate results, HIV status was determined by measurement of HIV RNA levels.
Linkage to HIV Care During the Program
In our analysis, a seropositive participant was considered to be linked to HIV care if he or she had ≥1 visit to an infectious diseases unit. Information on the date of first visit to the infectious diseases unit and of initiation of ART was collected from the treating physicians and the Hellenic Centre for Disease Control and Prevention. After completion of the program, additional data collection was performed by a research nurse who visited the infectious diseases units in Athens.
Statistical Analysis
We used the Respondent-Driven Sampling Analysis Tool to produce adjusted estimates of population proportions of characteristics of interest (version 7.1.38, Cornell University, Ithaca, NY, USA) [11] . HIV incidence was estimated using data from PWID with ≥2 samples who tested negative for anti-HIV-1 at first participation. PWID with a negative HIV test result followed by a positive result were defined as HIV-1 seroconverters. The seroconversion time for these subjects was estimated by the midpoint of the seroconversion interval, that is, the interval between the last negative and the first positive sample. Cox proportional hazards regression models were used to identify predictors of HIV seroconversion. Variables included in the multivariable model were all those with P < .25 in the univariable analyses as well as age and sex. Except for baseline age, sex, education, and country of origin, all variables were modeled as time-dependent covariates.
To assess trends in risk behaviors as well as access to prevention and care, we evaluated these proportions overall, as well as separately for first-time and repeat participants, across the 5 rounds of the program. Access to NSPs, OST, and HIV testing, either through ARISTOTLE or through other community-based activities, was based on self-reported data. Linkage to HIV care and ART was evaluated from data collected from infectious diseases units.
To assess trends in access to free syringes, taking also into account potential changes in the frequency of injections, we have estimated individual syringe coverage percentage as the ratio of the number of new syringes participants reported having received from prevention activities in the past month to the total number of injections in the same period (for participants who had injected drugs within the past month). To allow comparisons with European national-level syringe coverage data that refer to the yearly number of syringes per PWID [12] , we multiplied the number of free syringes received in the past month by 12 (separately for 2012 and 2013).
RESULTS
Participants, Questionnaires, and Blood Samples
The 5 rounds of the program took place from August 2012 through December 2013 (a total of 13 months, excluding breaks) ( Table 1) . During the program, 7113 questionnaires and blood samples were collected from 3320 unique participants; 1533 PWID participated only once, and the rest (n = 1787; 53.8%) participated in multiple rounds, 681 (20.5%) in 2 rounds, 469 (14.1%) in 3 rounds, 374 (11.3%) in 4 and 263 (7.9%) in all 5 rounds (details on repeat participants provided in Supplementary Materials).
ARISTOTLE Coverage
The capture-recapture estimate for 2012 of the population size of problem drug users in Athens metropolitan area who had injected in the last month is 3069 (95% confidence interval [CI], 2520-3797) [13] . At first participation, 2689 PWID had injected within the last month; thus, the estimated overall coverage of the program was 88% (71%-100%).
HIV Prevalence Per Round
Of 3320 participants, 547 (16.5%) were found to be HIV positive at any participation during the program (95% CI, 15.2%-17.8%).
HIV prevalence per round ranged between 12.0% and 16.2% (test for trend P = .27) ( Figure 1 and Supplementary 
HIV Incidence
In the longitudinal analysis, 1521 PWID with ≥2 samples and who tested negative for HIV at their first visit were followed up for a total of 1004 person-years. During follow-up, 45 seroconversions were recorded, yielding an overall incidence rate per 100 person-years of 4.5 new infections (95% CI, 3.3-6.0). During the program, incidence per 100 person-years decreased from 7.8 (95% CI, 4.6-13) in August-December 2012 to 1.7 (.55-5.3) in August-December 2013 (78% decrease; test for trend P = .001) ( Table 2 and Figure 2 ).
Risk Factors for HIV Seroconversion
The only variables that remained statistically significant in the multivariable analysis were frequency of injecting, homelessness, and a history of imprisonment ( Table 3 ). The adjusted hazard ratio (HR) among PWID for injection at least once per day compared with less than once per week was 10.0 (95% CI, 2.96-33.9; P < .001). Marginally significant adjusted associations were also identified with history of imprisonment (HR for history vs no history of imprisonment, 1.99; .98-4.04; P = .056) and homelessness (HR for currently homeless versus not homeless, 1.96; .98-3.85; P = .051).
Trends in Risk Behaviors During the Program
RDS-weighted proportions of PWID reporting risky injection and sexual behaviors per round are reported in Table 4 . There were remarkable changes over time, such as the decline in the proportion of PWID reporting injecting drug use at least once per day in the past 12 months (from 45.2% in round A to 18.8% in round E; P < .001), sharing syringes in the past 12 months (from 36.8% to 26.0%; P = .007), and receipt of used syringes in the last month from ≥2 different persons (from 4.5% to 1.5%; P = .002). The prevalence of high-risk behaviors (frequency of injection, sharing syringes) was similar among first-time and repeat participants (Supplementary Figure S3 ). There were no changes over time concerning sexual behavior (Table 4) .
Trends in Access to Treatment and Prevention
There was an increase in the proportion of PWID reporting being currently receiving OST: from 12.2% among round A participants to 27.7% in round E (P < .001) ( Table 4 and Figure 3A ). The proportion of PWID reporting having received free syringes through prevention activities in the past month (either from ARISTOTLE or from elsewhere) decreased from 42.7% in round A to 32.3% in round E (P = .01) ( Table 4) . To account for the decline in injection frequency during the program, we also estimated the proportion of participants with adequate syringe coverage in the past month (ie, syringe coverage ≥100%). There was an increase from 15.0% in round A to 28.8% in round C, but in the last 2 rounds coverage rebounded to its initial levels ( Figure 3A) . The extrapolated average self-reported yearly number of free syringes received per PWID in Athens was 243 in 2012 and 161 in 2013.
A considerable increase was observed in the proportion of participants reporting having been tested for HIV within the past year in previous rounds of ARISTOTLE or elsewhere (from 50.0% in round A to 87.1% in round E; P < .001). The fraction of HIV-positive participants who reported having undiagnosed HIV infection at the time of blood sampling declined from 84.3% in round A to 15.0% in round E (P < .001) ( Table 4 and Figure 3A ).
The proportion of PWID who returned and obtained their HIV test result ranged between 81% and 92% per round. Of 547 HIV-positive PWID identified in total, 435 (79.5%) obtained their HIV test result. Of the remaining 112 PWID who did not return, 28 had reported being aware of their HIV positivity.
Concerning linkage to HIV care, 179 (32.7%) seropositive PWID were already linked before their participation to ARISTOTLE. Of the remaining 368 previously unlinked PWID, by the end of round E, 178 ( 48.4%) visited an infectious diseases unit for the first time after their participation, and 90 (24.5%) initiated ART ( Figure 3B ).
Trends concerning access to prevention and treatment were more favorable among repeat participants than among first-time participants (Supplementary Figure S4) . In the final round, repeat ARISTOTLE participants reported higher rates of adequate syringe coverage in the past month (30.7% vs 21.8%; P = .02) and linkage to ART (among HIV-positive participants, 30.4% vs 6.1%; P = .004) and OST (22.4% vs 15.2%; P = .006) than first-time participants.
DISCUSSION
During an evolving outbreak of HIV among PWID, the ARISTOTLE program was able to reach a very high proportion (88%; 71%-100% based on the uncertainty of the PWID population size estimate in Athens) of the estimated total number of PWID in the last month. The program recorded a strong decline in HIV incidence (from 7.8 to 1.7 per 100 person-years), high HIV prevalence (16.5%), and risk factors for seroconversion. Over the course of the program, injection frequency, sharing used syringes, and undiagnosed HIV infection declined in the population, and OST increased. Repeat participants reported higher rates of adequate syringe coverage, linkage to HIV care, and OST, despite coverage levels remaining suboptimal and overall syringe coverage even declining over time. Our results suggest that multiple evidence-based interventions delivered through rapid RDS recruitment in a large proportion of the target population are likely to have contributed to mitigating this HIV outbreak.
The ARISTOTLE program recorded a decline of 78% in HIV incidence between 2012 and 2013. Despite this large decline, endemic transmission was still occurring at the end of 2013 compared with preoutbreak years, in agreement with molecular analysis conducted on HIV-1 sequences from PWID [14] . Based on data collected from PWID accessing OST programs and low-threshold centers in Athens, HIV prevalence increased from 0.8% in 2010 to 18.3% in 2013 [13] . The latter estimate synthesizes the relatively low HIV prevalence among PWID attending low-threshold services and the high prevalence among those receiving OST (HIV-positive PWID are prioritized to enter OST). During ARISTOTLE, HIV prevalence remained relatively stable (12.0%-16.2%), with an overall HIV prevalence of 16.5%. Daily injecting drug use and, to a lesser extent, homelessness and a history of imprisonment were independent risk factors for HIV seroconversion in multivariable analysis. In 2015, an increase in the number of HIV cases reported in Dublin occurred among homeless drug users [15] . In our study, migrants from the Middle East (Afghanistan, Iran, Iraq, and Pakistan) were at increased risk of acquiring HIV compared with PWID of Greek origin. This risk was mediated by homelessness and frequency of injection. The vulnerability of these migrants was recognized soon after the outbreak [2] , and ARISTOTLE was designed to attract this particularly hard-to-reach subpopulation of PWID, employing cultural mediators from Iran and Afghanistan. These findings underline the need for adequate and timely access to prevention and treatment services for this population, with a specific focus on preventing homelessness, injection risks, and imprisonment in the wider population of PWID.
After adjustment for the frequency of injection (and, to a lesser extent, for injection in the past month), the protective effect of OST on HIV risk was diluted. PWID receiving OST may have had a reduced risk of HIV infection because they reduced their frequency of injection; thus, when frequency was adjusted for, OST was no longer significant. In our analysis, adequate syringe coverage in the past month was not associated with reduced risk of HIV infection, which may be attributed to the inadequate or irregular delivery of NSPs over time.
To explain the decline in HIV incidence and the potential impact of ARISTOTLE, we assessed longitudinal trends in risky behaviors and in OST, NSPs, and ART uptake per round. We recorded a decrease in risky injection behavior, such as daily drug injecting (from 45.2% to 18.8%) and sharing syringes (from 36.8% to 26.0%). Participation in OST, as reported by ARISTOTLE participants, doubled over the 5 rounds (from 12.2% to 27.7%). There was an increase in HIV test uptake (from 50% to 87.1%), and the fraction of undiagnosed HIV-positive participants declined from 84.3% in round A to 15.0% in round E. Given ARISTOTLE's high coverage of the estimated target population, it can be inferred that the fraction of undiagnosed HIV-positive PWID is likely to have decreased significantly among the overall population of seropositive PWID in Athens. Concerning linkage to HIV care, almost half (48.4%) of previously unlinked seropositve PWID visited an infectious diseases unit, and one-fourth (24.5%) initiated ART after their participation and by the end of the last round. When trends in injection behaviors and access to prevention and care were evaluated separately for first-time and repeat participants, we found a general shift to less risky behaviors among PWID in Athens in both groups. However, repeat ARISTOTLE participants reported higher rates of adequate syringe coverage, linkage to HIV care, and OST, as well as awareness of their serostatus compared with first-time participants.
Despite these favorable changes, coverage of prevention, harm reduction, and treatment during the outbreak in some cases failed to reach acceptable levels. The proportion of PWID who had obtained free syringes from prevention activities in the month before their participation, remained low (31.7%-43.6% per round), with variations in observed coverage from round to round coinciding with periods when there was a general shortage of syringes. In ARISTOTLE, participants obtained syringes during their participation, and as a result the program could not contribute to a large scale-up of NSP coverage. Similarly, levels of OST coverage remained suboptimal (27.7% of PWID reported being receiving OST in the last round). Finally, despite the intensity of this program, linkage to HIV care and to ART remained suboptimal (48.4% and 24.5%, respectively) and far from 90:90:90 targets [16] . Although the success of the program in linking seropositive PWID to HIV care is likely to have been underestimated, because those identified in the last months of the program might have been linked to care after the program was stopped, future interventions should put more effort into linkage to care and ART. e Receiving as many or more syringes in a month as they needed for their frequency of injection. It is difficult to assess to what extent ARISTOTLE may have played a role in the large decline in incidence observed in Athens. Figure 2 shows the number of reported HIV cases among PWID per month during 2010-2014 in Greece [17] and the calendar time periods of ARISTOTLE and of changes in other interventions. A potential explanation could be that the observed decline was part of the natural course of the epidemic, owing to saturation with HIV infection of the core group of highest-risk individuals [18] . In other HIV epidemics among PWID, the reported annual decline in HIV incidence was lower, ranging between 3.6% and 48% [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] , suggesting that the strong decline in Athens may perhaps not fully be explained by saturation effects. Moreover, apart from the strong decline in incidence, the outbreak in Athens was contained at a relatively moderate HIV prevalence of about 15%, lower than the prevalence recorded in any of a number of countries with similar Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; OST, opioid substitution treatment; RDS, respondent-driven sampling.
a P < .001 (P for trend).
b P = .001 (P for trend).
c P = .007 (P for trend).
d P = .002 (P for trend).
e Among those reporting having sex in the past 12 months.
f P = .01 (P for trend).
outbreaks, where peak HIV prevalence ranged between 26% and 66% [24, [35] [36] [37] [38] [39] [40] [41] [42] .
Although we cannot prove in this analysis whether the stronger decline and lower final HIV prevalence in Athens are due to highly specific local differences in population network characteristics or other unknown factors, we may to some extent be able to control for these by comparing HIV and hepatitis C virus (HCV) prevalence, where HCV prevalence is likely to be determined by similar factors as HIV (assuming that sexual transmission is not large in the population of PWID). It has been found that the levels of HIV prevalence at endemic equilibrium correlate with the levels of HCV prevalence in a given PWID population in which HIV is introduced [43, 44] . In Athens, HCV prevalence among PWID is very high (79.1% in 2012) [13] . In a concurrent HIV outbreak in Romania, a country with equally high HCV prevalence (82.9% in 2009) [45] , HIV prevalence reached approximately 50% [37] . This suggests that ARISTOTLE might have had an impact in reducing HIV incidence and keeping prevalence at relatively low levels, despite conditions and behaviors in this population that would have favored higher HIV transmission and prevalence. Diagnosed  198  265  309  344  368  Linked  28  95  116  146  178  HAART  3  33  52  69  90 ProporƟon per Round, % ProporƟon, % The limitations of our study should be considered when interpreting the reported findings. A limitation is that risk behaviors and some key data (eg, OST coverage but not ART linkage) are based on self-reports. For example, the findings that sharing syringes or other paraphernalia were not found to be associated with HIV seroconversion may be attributed to potential underreporting of this risk behavior. Furthermore, the denominator that was used to estimate the coverage of the population of PWID injecting during the last month is the official estimate of the population size in Athens obtained through capture-recapture and is subject to the usual limitations of this method.
ARISTOTLE was designed as a community-based peerdriven outreach program. Participants used the study site not only for HIV testing but also as a drop-in center and a place to receive counseling and social and psychological support. These characteristics may have contributed to the rapid recruitment of PWID and the high coverage of the target population and may have facilitated their engagement with the program, demonstrated by the multiple participations of more than half of recruits. ARISTOTLE was designed as an intensive intervention to reduce transmission during an ongoing outbreak; a staff of 7 full-time and 5 part-time persons (social workers, psychologist, physician, and cultural mediators) were dedicated to interviewing, blood sample collection, counseling, and linkage to care of approximately 28 PWID per day [10] , resulting in 7000 visits during a period of 13 months.
In conclusion our findings suggest that prevention of HIV transmission among PWID in an HIV outbreak may be relatively successful, potentially with a high impact on HIV incidence, when using high-coverage, fast-track combined approaches [46, 47] . Future studies and similar intervention programs should pay attention to attaining full coverage of all interventions provided, as well as providing specific and culturally appropriate services to high-risk or hard-to-reach groups, such as migrant and homeless PWID, as well as those with a prison history. The experience of the ARISTOTLE program may be useful for countries that need to provide rapid and massive interventions, particularly in light of ongoing recent HIV outbreaks among PWID in several countries [12, 24] .
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